Adult female rats show continual vaginal cornification and cease ovulation a few weeks after they are exposed to continuous lighting (light-estrous rats). When these rats were placed in the darkness for 10 hr, 80% of the animal ovulated approximately 46 hr later. Peripheral LH increased to a small peak immediately after placing in darkness concomitant with a decrease in pituitary LH content; a large peak, 20 times higher than the basal LH level, was observed at 20 to 22 hr. Progesterone concentration in ovarian vein blood remained at extremely low levels while estrogen levels tended to rise after small LH peak. This estrogen rise appeared to play an important role in inducing the main LH peak. Simulation of the small LH peak by low doses of exogenous LH succeeded in inducing ovulation in light-estrous rats in similar fashion to the exposure of light-estrous rats to 10-hr darkness.
When adult female rats which have been entrained by daily cycles of light and dark are exposed to continuous lighting condition, they lose the ovulatory cycle and exhibit continuous vaginal cornification. Follicles develop to preovulatory state and secrete estrogen, but ovulation does not occur, so that after a period of time the ovary contains no corpora lutea (Hoffmann, 1973) . This state will be referred as "lightestrus".
This change in the cyclicity is reversible; if the rats are placed again under a light-dark cycling condition, they recover the ovulatory cycle (Takahashi and Suzuki, 1969) . The first ovulation is considered to be triggered by signals originating from the retina, which eventually influence the ovary via the hypothalamus and the pituitary. The hormonal changes preceding this ovulation are freed from the influence of the antecedent estrous cycles or any other treatment and expected to be different from that of normal cycling rats. Therefore, the analysis of this ovulation will provide a new concept concerning with the mechanisms controlling the induction of ovulation and maintaining cyclicity in rats .
In the present study, we found that After being placed in dark phase for 10 hr, the rats were returned to the continuous lighting condition.
Between 0 and 48 hr after initiation of darknesstreatment, ovarian vein blood was collected at 2-to 4-hr intervals from 3 to 8 rats in each group (the number of rats in each collection time is given in Fig. 3 ). Blood was collected according to the method renorted previously (Takahashi and Suzuki, 1971) for 20min under Nembutal (Abbott Lab., 40mg/kg body weight, ip) anesthesia and heparin (sodium heparin, 1U/g body weight, iv) was used as an anticoagulant. After the collection of ovarian vein blood, peripheral blood was withdrawn from the aorta and the anterior pituitary was collected. The weights of the pituitary, ovary and uterus (devoid of fluid) were recorded. Ovulation was determined by inspection for tubal ova under a dissecting microscope.
Ovulation and organ weights were also examined in additional 16 rats from which ovarian vein blood was not collected. Ovarian vein blood was also obtained from 6 of normally cycling rats kept under 12L: 12D condition at 1200 hr on proestrous or late diestrous day.
Analysis of samples for hormone levels: Blockage of ovulation after the darkness-treatment by Nembutal and induction of ovulation in light-estrous rats by LH treatment:
Nembutal (40mg/kg body weight) was given 1p at various times from 16 to 30 hr after the darknesstreatment to examine whether occurrence of ovulation in light-estrous rats by the darkness-treatment can be blocked by Nembutal as observed in normal cycling rats receiving this drug before the ovulatory surge of LH in the afternoon of proestrus. No ovulation was detected until 36 hr after exposure of the rats to darkness. The earliest ovulations were observed at 40 hr in 5 of 8 rats and over 80% of the rats ovulated by 46 hr (Fig.1) .
Five to 9 ova In general, changes in peripheral levels and pituitary content of LH occurred reciprocally (Fig. 3) trend of change was observed. Rises were observed in estrogen levels about 10 and again about 30 hr after the darknesstreatment (Fig.4) and occurred approximately 8 hr after the two LH peaks, respectively. A dark phase was given from 0 to 10 hr and during the rest of periods, animals were kept under continuous lighting condition (LL). and uterine weights after the darkness-treatment. Each point and vertical bar signify the mean and S.E. of group of animals autopsied at an hr indicated below.
Number of rats for each group is the same as presented in Fig. 1 .
Effect of Nembutal treatment on darkinduced ovulation (Table 2 ) Nembutal treatment at 16 hr to lightestrous rats exposed to darkness from 0 to 10 hr blocked dark-induced ovulation in all rats examined at 46 hr. However, ovulation was detected in 6 of 10 rats examined 24 hr later (70 hr from the dark- Effect of exogenous LH on ovulation in light-estrous rats * At 0 hr LH was injected .
** Number of rats ovulating/tested . 
Discussion
It is well known that light-estrous rats restore the ovarian cyclicity when they are transferred from constant illumination to daily light-dark alternating condition (Critchlow and DeGroot, 1963) . This study demonstrated further that ovulation is induced approximately 40hr later by a single interruption of constant lighting condition by 10 hr dark-phase.
Measurement of peripheral LH levels throughout the period from the initiation of the dark phase to the time of ovulation showed a peak around 20 to 22 hr which appears to be responsible for the induction of this ovulation. Nembutal treatment before this LH peak cancelled this ovulation, and seemed to delay the occurrence of ovulation by one day as in normal cycling rats (Everett et al., 1949 been reported by several workers (Hori et al., 1968; Yoshinaga et al., 1969; Shaikh, 1971) . According to Shaikh's results (1971) obtained by radioimmunoassay, the dominant estrogen in the estrous cycle is estradiol which ranges from 0.15 to 2.2 ng/ml plasma (the highest level is obtained at 1600 to 1800 hr on proestrus). Comparing steroid levels in light-estrous rats at 0 hr with these results, it can be said that the progesterone level in light-estrous rats is extremely low After the first small peak of peripheral LH, progesterone level further decreased (Table 1) but estrogen rose to a peak and was followed by the main peak of LH responsible for ovulation. Progesterone levels in ovarian vein blood seem to be too low to share a physiological role in inducing LH surge. These progesterone levels are comparable to those of peripheral circulation in normal rats (Barraclough et al., 1971) . Estrogen has been known to play an essential role in the induction of ovulation. In the anestrous rabbits estrogen administration was reported to result in "spontaneous ovulation" (Sawyer, 1959) . Acute release of LH was induced by estrogen administration in castrated rats (Caligaris et al., 1971) and primates (Knobil, 1974) should have taken place without any further treatment, since the requirement of estrogen secretion for inducing ovulatory LH surge was shown to terminate until 2200 hr of diestrous day if progesterone was available (Eto and Hosi, 1964) . The effectiveness of progesterone treatment in light-estrous rats in inducing ovulation within 48 hr (Singh and Greenwald, 1967) may be explained on this basis.
Between the second LH surge and the occurrence of ovulation, a few phenomena were observed which do not obtain in normal cycling rats: 1) Twenty hr were required from the LH surge to the ovulation instead of 10 to 12 hr in the normal animals (Everett et al., 1949) . 2) A preovulatory rise in progesterone (Takahashi et al., 1975) was not observed.
3) Estrogen tended to increase after the major LH peak and never fell much below the level of 1 ng/ml after ovulation.
4) Nembutal treatment immediately after the LH surge was effective in blocking ovulation. These are contrast to ovulation in light-estrous rats induced by cervical stimulation where ovulation took place between 12 and 14 hr and a significant rise in progesterone level was observed within 48 hr after the treatment (Murakami and Suzuki, 1976) . Additional study of this animal model is required to explain these discrepancies of processes between LH surge and ovulation.
